In visual competition, the perception of ambiguous visual patterns changes spontaneously. Although the process causing this perceptual alternation remains unclear, recent evidence suggests various types of nonvisual influences in resolving visual ambiguity. In the present study, we investigated cross-modal modulation of a transient stimulus on visual perceptual stability (i.e., alternation frequency). Participants observed an ambiguous visual figure and reported their perceptual alternations. Concurrently, we presented visual and auditory transient events. The results revealed that the auditory as well as visual transient events destabilize the current perception (i.e., they increase alternation frequency) around 0.5-1.5 s after the event. In addition, the magnitudes of auditory and visual effects were comparable and positively correlated within participants. These results suggest that the visual perceptual stability can be under the influence of processes that are shared by different senses.
Introduction
Perception of competitive visual input changes from one to the other (visual competition; e.g., Blake and Logothetis, 2002; Kim and Blake, 2005; Leopold and Logothetis, 1999; Sterzer and Kleinschmidt, 2007; Sterzer et al., 2009; Tong et al., 2006) . When different images are projected independently to the left and right eyes, they cannot simultaneously arise in visual awareness. In fact, the image arising in visual awareness spontaneously moves between the images in both the left and right eyes (binocular rivalry). Another form of visual competition is known as stimulus rivalry (e.g., Necker cube). When the number of possible interpretations of a visual figure is more than one, the interpretation arising in visual awareness spontaneously switches from one to the other.
Visual competition is characterized by two main factors -dominant percept and perceptual stability. Dominant percept refers to which of the possible interpretations arises in visual awareness, and perceptual stability refers to how frequently perception changes. Several researches have revealed that dominant percept and perceptual stability are susceptible to modulations by various factors such as attention (Chong and Blake, 2006; Chong et al., 2005; Khoe et al., 2008; Meng and Tong, 2004; Mitchell et al., 2004; Paffen et al., 2006; Tsal and Kolbet, 1985) , intention (Kornmeier et al., 2009; Suzuki and Peterson, 2000; Toppino, 2003) , action (Maruya et al., 2007) , task-irrelevant visual stimulation (Freeman and Driver, 2006; Kanai et al., 2005; Paffen et al., 2005) , stimulus configuration (Blake et al., 2003; Freeman and Driver, 2006; Ilg et al., 2008; Leopold et al., 2002) , perceptual history (Brascamp et al., 2008; Knapen et al., 2009; Maier et al., 2003; Naber et al., 2010; for review, Pearson and Brascamp, 2008) , eye movement and retinal image shift (van Dam and van Ee, 2005 , 2006a , 2006b , and transcranial magnetic stimulation to visual areas (Brascamp et al., 2010; Pearson et al., 2007) . These results suggest that visual competition reflects not only low-level competition in sensory specific processes but also perceptual and cognitive modulation on visual processes.
Besides these visual or attentional modulations on visual competition, several researches have shown cross-modal effects in resolving visual ambiguity; sensory inputs other than vision can influence visual competition, especially dominant interpretation. For example, sound alters the interpretation of ambiguous visual events (e.g., stream-bounce illusion, Sekuler et al., 1997; Watanabe and Shimojo, 2001) , and touching haptic objects biases the interpretation of the Necker cube or the structure from motion stimulus (Ando and Ashida, 2003; Blake et al., 2004; Bruno et al., 2007; James and Blake, 2004) . Recently, van Ee et al. (2009) demonstrated that visual inputs that shared temporal configurations with auditory or tactile inputs tended to be dominant percepts in resolving binocular rivalry. These results imply that dominant percepts are intrinsically biased to maintain cross-modal congruencies among inputs into multiple sensory modalities.
As compared to the dominant percept, cross-modal modulation on perceptual stability is less understood. Bruno et al. (2007) addressed this issue by revealing that the alternation frequency from consistent to inconsistent percepts decreased after haptic inputs. In their study, observers reported the percept of a visual Necker cube while touching a haptic cube. After the transition from stationary touch to moving touch, a switch from consistent to inconsistent visual percepts was suppressed. In other words, perceptual stability increased when visual and tactile inputs were con-
